, there is an extensive amount of experimental data showing that the start and length of transition are functions of Reynolds number, turbulence intensity, and pressure gradient, in addition to any periodic disturbances which may be present. Much of the recent theoretical analysis for the length of transition utilizes the spot production concept of Emmons (1951) for intermittency.
Narasimha (1957) proposed that the intermittency follows an exponential behavior, with the exponential term being proportional to the square of the distance from the start of transition. The model proposed by Chen and Thyson (1971) accounted for variable freestream velocity on the length of transition by an integral relationship in the exponential term. Two different approaches have been used to account for the effects of turbulence intensity and pressure gradient on the length of transition. Simon (1995) , Gostelow et al. (1994) , and Frazer et al. (1994) accounted for these effects by assuming that the flow conditions at transition onset were the dominant influences. Solomon et al. (1995) extended the approach of Chen and Thyson (1971) to account for free stream flow variations on the length of transition.
Most of the experimental data used to develop correlations for the transition length were obtained at incompressible flow conditions.
There is only a limited amount of data which show the effect of Mach number on transition for the transonic flow regime. Dey and Narasimha (1985) proposed a variation in the spot formation rate with Mach number. Their variation showed no change in the spot formation rate until a Math number of two, followed by a rapid decrease in the Mach two-to-four range. Recent data by Clark et al. (1994) showed that the effect of Math number on turbulent spot parameters was significant at substantially lower Mach numbers. Mack (1969) showed the effect of Math number on the frequency of the Tollmien-Schlichting waves, which in turn affects the spot formation rate.
The transition spot data of Clark (1993) , and the frequency results of Mack (1969) were used to derive modifications to account for the effect of Mach number on the length of transition. The modifications were incorporated into the models proposed by Simon (1995) , and Solomon et al. (1995) . These models were then implemented in a Navier-Stokes code. The code used, (RVCQ3D), has been documented by Chima (1987) , and Chima and Yokota (1988) . Comparisons with experimental turbomachinery data showed that incorporating Mach number effects into the transition length model improved the agreement with experimental data. Accurate transition predictions are important whether or not surface heat transfer is present. Turbine blade heat transfer data can dramatically show transition behavior, and data are available at high freestream Mach numbers.
Therefore, turbine blade heat transfer data was chosen to illustrate the importance of including a Mach number effect on the length of transition.
The work presented herein consists of a discussion of how Mach number effects were incorporated into the transition length model. Comparisons are then shown for a variety of turbine conditions to show that incorporating a Mach number effect significantly improves the degree of improvement with the experimental data. Comparisons are made with data for both stator and rotor geometries for a range of turbulence intensities and Reynolds numbers. This is done to demonstrate that the Mach number effect is a general one, which leads to an overall improvement, and not just for a specific test case. Results are shown for two different transition length models in order to demonstrate that the results are not a function of a particular transition length model.
DESCRIPTION of ANALYSIS
In the transition region the effective eddy viscosity, _EFF, is given by:
]-tEFF "-_MLAM "4-_f/_TURB Different approaches have been used to determine the value of intermittency, 7. Two recent approaches to calculating the value of 7 are those of Simon (1995), and Solomon et al. (1995). In both methods the intermittency, 7, is a function of the pressure gradient A. In the model of Solomon et al. the intermittency is also a function of the turbulence intensity, Tu. Simon's (1995) method utilizes an analytically developed value for the spot production rate, while the method of Solomon et al. (1995) utilizes a experimentally derived correlation for the spot production rate.
Simon's Model. In Simon's (1995) model 7 is based on the intermittency path equation derived by Narasimha (1957):
The parameters in this equation are given by: na = V/Re sT Simon (1995) developed an analytic value for the nondimensional spot production rate, N.
] ST Simon and Ashpis (1996) showed results using values for A, a, and _ determined from the data of Gostelow et al. (1995) . In each model n0.1 is calculated based on the pressure gradient, _,and, for the SWG model, the turbulence intensity, Tu.
The start of transition was specified using Mayle's (1991) method.
The momentum thickness Reynolds number at the start of transition is given by
The local turbulence intensity, Tu, was determined using an algebraic relationship.
To determine the local turbulence from a one or two equation turbulence model would require knowledge of the inlet length scale.
For the cases examined, the inlet length scale was generally not available. The local turbulence intensity was calculated as:
Tu = TuINUIN/Us
The local freestream velocity, Us, was calculated from the local pressure ratio. Mayle (1991) recommended that a lower limit of 3% should be used for Tu when calculating
Reo at the start of transition. 
y is the normal distance from the blade, and _uGAs is the molecular viscosity of the gas. Augmenting the laminar viscosity primarily affects the heat transfer in the leading edge region. ber correction produced only a small change in the transition behavior.
The start of transition was in an adverse pressure gradient region, and the transition length was very short.
The results in figure 10, Even in the presence of the shock, the analysis shows good agreement with the experimental data. Figure 15 shows 
